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(57) Abstract: A communication 
system including a first transceiver 
located on a first platform at a 
predetermined altitude. A first antenna 
is located on the first platform and 
connected to the first transceiver A 
second antenna is connected to the other 
end of the first transceiver. A second 
transceiver is located on a ground hub 
physically and independent of the first 
platform. A third antenna is located 
on the ground hub and connected to the 
second transceiver. The third antenna 
is adapted to communicate with the 
second antenna. The first platform is 
maintained in a stratospheric orbit. A 
beamforming system is connected to the 
second transceiver and mounted on the 
ground hub. The beamforming system 
provides a beamformed signal from the 
second transceiver to the first transceiver 
effective to drive the first array antenna 

to radiate multiple beams to a surface, whereby the multiple beams create time varying and dissimilar footprints thereon. A second 
antenna is mounted on the first platform to receive the beamformed signal from the ground hub. The beamforming system is 
adapted to drive the first antenna to generate plural beams on the earth's surface, each beam providing a respective footprint or <^11. 
Each beam tracks a respective user located at a center of each cell. The system allows for narrow beams to be created which, in 
turn, enables fi-equency reuse. A code is assigned to each beam and a mechanism is provided for preventing a user from receiving 
more than one beam with a given code. This mechanism is adapted to anticipate a condition by which a user will move to a location 
at which the user would receive more than one beam with a given code. The mechanism will quickly assign a second code to at 
least one beam prior to the arrival of the user at that position. 
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STRATOSPHERIC PLATFORMS BASED 
MOBILE COMMUNICATIONS ARCHITECTURE 



5 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

10 

The present invention relates to communications systems. More specifically, the 
present invention relates to architecmres for multimedia including data/voice services to 
mobile users using stratospheric platforms. 

15 Description of the Related Art: 

Stratospheric platforms are being considered for multimedia including 
data/voice communication applications. Current proposals envision a mounting of 
transceivers and antennas on aircraft flying at 20 - 30 kilometers above the earth which 

20 will project beams to cell sites located on the ground. 

Conventionally, cells projected on the ground are uniform in size. If the user 
distribution is uniform, the equal sized ceil structure is optimal. However, equal cell size 
comes at some cost in hardware. To avoid mechanical tracking systems on the antennas, 
which can be costly and unreliable, the antennas are typically implemented as phased 

25 arrays of radiating elements and steered electronically. At the altitude above the ground, 
where the payload carrying platform is located, a same-sized ground projection of cells 
requires smaller angular beams as the scan angle increases. To form smaller beams, 
more antenna army elements are needed. For a light-weight payload, the number of 
elements may be limited, thus forming smaller beams at the edge of the coverage may 

30 be costly. 
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Further, prior stratospheric based platform proposals envision a fixed ceil 
structure by which the beams stare at all cells in the entire coverage area, similar to a 
cellular system. If resources are available, this approach is viable. In some systems, 
however, resources may be limited. For such systems, use of a fixed cell stmcture 
5 limits the coverage area. Consequently, total system capacity is reduced. That is, at 
any given time, the entire coverage area may not be covered by beams that provide, 
adequate link margin for billable data tmnsmissions. 

Hence, there is a need in the art for a stratospheric platform based 
communication system offering maximum throughput with the consuraints of weight, 
10 power and spectram. More specifically, diere is a need in the art for a stratospheric 
platform based communication system and method for projecting beams of varying cell 
structure in both time and space to maximize system capacity within the weight, power 
and bandwidth constraints thereof and thereby to optimize the communications capacity 
for billable voice and data transmissions. 

15 

SUMMARY OF THE INVENTION 

20 The need in the art is addressed by the "communication systeni of the present 

invention. The inventive communication system includes a first transceiver located on a 
first platform at a predetermined altitude. A first antenna ( array ) at, say, S- band is 
located on the first platform and connected to the first transceiver. A second (high gain) 
antenna at, say, X or C-band is connected to the other end of the first transceiver. A 

25 second transceiver is located on a ground hub physically and is independent of the first 
platform. A third antenna at, say, X or C-band, is located on the ground hub and 
connected to the second transciever. The third antenna is adapted to communicate with 
the first piatfomi via a second ( high gain ) antenna at X or C-band on the first platform , 
A beamforming system is connected to the second transceiver and mounted on the 

30 ground hub. The beamforming system provides beamformed signals from the second 



wo 01/95523 



3 



PCT/USOl/17892 



transceiver to the first transceiver effective to drive the first antenna array to radiate 
multiple beams to a surface, whereby the multiple beams create time varying and 
dissimilar footprints thereon. 

In the illustrative embodiment, the first platform is maintained in a stratospheric 
5 orbit, the second transponder is located on the ground hub. A second (high gain) 
antenna is mounted on the first platform to receive the beamformed signal firom the 
ground hub in the forward link direction. The beamforming system on ground is 
adapted to drive the first array antenna on the first platform to generate plural beams on 
the earth's surface, each beam providing a respective footprint or cell. Similarly, the 

10 multiple user signals, arrived at the first antenna array in the return link direction, will 
be amplified, filtered, frequency translated, code multiplexed, aniplified again, and then 
radiated through the second (high gain ) antenna to the ground hub. The third antenna 
on the ground hub will receive the multiplexed element signals, which will then be 
. amplified, filtered, down-converted, and demodulated to recover individual element 

15 level signals before digitization. The digitized element level signals will be pushed 
through the digital beam forming network, which separates user signals via their angle 
of arrivals (with respect to the first array antenna on the platform). 

Each beam tracks a respective user located at a center of each cell. The system 
allows for narrow beanas to be created which, in turn, enables frequency reuse, A code 

20 is assigned to each beam and a mechanism is provided for preventing a user from 
receiving more than one beam with a given code. This mechanism is adapted to 
anticipate a condition by which a user may move to a location at which the user would 
receive more than one beam with a given code. It will assign a second code to at least 
one beam prior to the arrival of the user at that position. 

25 The present invention allows the cell size to be non-uniform. That is, near 

center of coverage, or nadir, the cell can be smaller. As the scan angle increases, the 
cell sizes increase. Cell size equalization may require additional apertures or much 
more array elements. It will drive the payload weight and cost significantly. The 
invention allows for a light-weight payload design and full utilization of the 

30 resources that a light-weight payload can offer. 
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The present invention forms beams where there ai'e usei-s present with beams of 
shapes and sizes that ai'e not necessarily uniform in space and constant in time. One or 
more broad beams may be formed to provide links supporting lower data rates. These 
lower data rate links are used to support acquisition protocol for new users trying to get 
5 on the system. This allows the coverage area to be greater with limited receiving beams. 
In addition, by allowing the beam size to be smaller near the center of coverage (nadir of 
the platform), the code or frequency reuse distance can be reduced, therefore enhancing 
the total system capacity. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram iUusu^tive of die stratospheric communication system of the 
15 present invention with a single stratospheric platform. 

Fig. 2 is a simplified block diagram of the airborne platform based transceiver 
system implemented in accordance with the present teachings. 

Fig. 3 is a simplified block diagram of a ground hub in accordance with the 
teachings of the present invention. 
20 Fig. 4 is a diagramwhich shows how nonuniform cells are created with a fixed 

platform antenna aperture. 

Fig. 5 is a set of graphs showing spreading angle as a fianction of distance 
from the projected platform nadir location to a user. 

Fig. 6 is a block diagram of an illustrative implementation of a code 
25 assignment algorithm for use in connection with the communication system depicted 
in Fig. 1 . 

Fig. 7 is a diagram that illustrates color code assignments based on the number 
of users in accordance with the method of the present invention. 

Fig. 8 shows a color I code assignment (blue) in accordance with the 
30 teachings of the present invention. 
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Fig. 9 shows a color 2 code assignment (pink) in accordance with the 
teachings of the present invention. 

Fig. 10 shows a color 3 code assignment (orange) in accordance with the 
teachings of the present invention, 
5 Fig. 11 shows a color 4 code assignment (purple) in accordance with the 

teachings of the present invention. 

Fig. 12 depicts an overall code assignment. 

Fig. 13 is a diagram illustrating a distribution of users sharing a code division 
multiplexed (CDMA) code in accordance with the teachings of the present invention* 

10 



DESCRIPTION OF THE INVENTION 



15 Illustrative embodiments and exemplary applications will now be described with 

: ^s^ierexiCG to the accompanying drawings to disclose the advantageous teachings of the 
present invention. 

While the present invention is described herein v^^ith reference to illustrative 
embodiments for particular applications, it should be understood that the invention is 

20 not limited thereto. Those having ordinary skill in the art and access to the teachings 
provided herein will recognize additional modifications, applications, and embodiments 
within the scope thereof and additional fields in which the present invention would be 
of significant utility. 

Fig. 1 is a diagram illustrative of the stratospheric communication system of the 

25 present invention with a single stratospheric platform. The inventive system 10 includes 
a transceiver system 20 mounted on an airborne platform (not shown). In practice, the 
platform could be an airplane Hying in a small tight circle (an orbit) at 20 - 30 
kilometers (km) above the ground. Those skilled in the art will appreciate that this 
altitude is 2 to 3 times that of commercial aircraft (i.e., 10 km) and much lower than the 

30 altitude of u low earth orbit satellite (1000 km). The transceiver 20 is adapted to 
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-communicate with a hub 30 and a plurality of users 40 and 50 located on cells 60 and 
70, respectively, on the earth's surface. This system is described and claimed in 

copending appiicadon entitled , serial no. , 

filed , by , the teachings of which are incorporated 

5 herein by reference. 

Fig. 2 is a simplified block diagram of the airborne platform based transceiver 
system implemented in accordance with the present teachings. The system 20 includes 
a feeder link antenna 22 adapted to receive signals from the hub system 30 and to 
transmit signals to the ground hub. The feeder link antenna can be at C, X or other 

10 suitable frequency band. The antenna 22 is connected to a bi-directional radio 
frequency (RF) electronics 24. In the forward link direction, ' it will provide 
amplification and frequency down-conversion fiincdons . The RF electronics 24 
outputs a signal at S-band which is demultiplexed by a code division demultiplexer 26 
into plural separate signals of which 192 are shown in the figure. Each corresponds to 

15 an aggregated multi-user signals ready for an individual antenna array element The 
multiplexer / de-multiplexer 26 is bi-directional and serves to multiplex plural signals 
from various receiving elements of the array antenna into a single signal when the 
.system 20 is operating as a receiver in the return link direction. Those skilled in the art 
will appreciate that the system shown in Fig. 2 is intended for illustration only. 

20 Accordingly, the present teachings are not limited to the number of channels or 
elements shown. Nor is the system limited to the specific circuit configuration shown. 
Other circuit configurations may be used without departing from the scope of the 
present teachings. 

The demultiplexed signals feed RF up-converters and SSPA's 28. In die 
25 illustrative embodiment, the RF electronics 28 operates at S-band. The upconverters 
and SSPA\s drive the array antenna 29 elements. The element phasing are 
accomplished by the digital-beam-forming network 38 in the ground hub 30 and are 
imbedded in the signals themselves. As discussed more fiilly below, the array antenna 
29 transmits and receives multiple output beams. Each beam creates a footprint on the 
30 surface that provides a cell such as the cells shown at 60 and 70 in Fig. I. 
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As discussed more fully below, the present invention allows the cell size to be 
non-uniform. That is. near center of coverage, or nadir, the ceil will be smaller. As the 
scan angle increases, the cell sizes increase. There is no need for ceil size 
equalization. As a result, this invention allows for a very light weight payload design 

5 and fiiil utilization of the resources that a light-weight payload can offer. The present 
invention forms beams where there are users present with beams of shapes and sizes 
that are not necessarily uniform. In addition, by allowing the beam size to be smaller 
near the center of coverage (nadir of the platform), the code or frequency reuse distance 
can be reduced, therefore enhancing the total system capacity. One or more broad beams 

10 are formed to provide links supporting lower data rates. These lower data rate links with 
broad beam width are used for the acquisition processes of new users trying to get on 
the system. 

Fig. 3 is a simplified block diagram of a hub in accordance with the teachings of 
thejpresent invention. The hub transceiver system 30 includes an X or C-band antenna 

15 32 adapted to communicate with die other X or C-band antenna 22 on the airborne 
platform. The ground antenna 32 connects to an RF subsystem 34 which provides 
amplification, filtering, upconversion and down-conversion functions in a conventional 
manner. In the return link direction, the subsystem 34 outputs a multiplexed signals 
which will be pushed through a code demultiplexer 36 to recover signals at array 

20 element level prier to a digital beam former 38, which will separate user signals via 
spatial discrimination techniques. The outputs are the individual signals, which will be 
further processed by multiplexers/demultiplexers, routers, and/or formatters 39. This 
post-processor in the retum link direction is connected to an external network such as 
the Internet or World Wide Web. 

25 The systems depicted in Figs. 2 and 3 may be implemented in accordance with 

the teachings of U. S. Patent No. 5,903,549, issued May 11, 1999 to Von Der Embse and 
entitled Ground Based Beam Forming Utilizing Synchronized CDMA, the teachings of 
which are hereby incorporated by reference herein. The number of beams (or 
simultaneous users) 'n' is scaleable at the gateway. 

30 [n the forward link direction, all the functions will be reversed. The post-processor will 
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become a pre-processor. The DBF will convert multiple user signals to i\n equivalent set 
of array element level signals. Each represent an aggregation or* phase weighted signals 
from all the users. The element phasing information for the airay antenna 29 is 
imbedded in the aggregated signals themselves in the DBF 38 through the combinations 
5 by which user signals are phase weighted. The X or C-band antenna 32 will transmit a 
multiplexed signals at array element level to the platform. 

In accordance with the present teachings, the beam forming circuit 38 generates 
phasings. weightings and codes for each of a plurality of beams. These beams are 
multiplexed into a single stream which is transmitted up to the airborne platform 20 via 

10 the link provided by the feeders 22 and 32 of Figs. 2 and 3 respectively. When the 
stream is received on the airborne platform, it is demultiplexed into separate elements 
for the array antenna 29. The phasing and weighting of the signals provided by the 
beamforaiing circuit 38 is effective to generate the plural beams and steer each one to a 
desired direction. In the preferred embodiment, each beam is assigned to a user or a 

15 zone. If assigned to a user, the beam is adapted to move with the user to minimize the 
number of code handovers and to increase antenna directivity in user links. Static 
beams are formed where no user tracking beams are present for new user detection. 

Conventionally, the beams radiated by the army antenna 29 of Fig. 2, would be 
constrained to provided fixed, uniform footprints or cells on the ground. If the user 

20 distribution is uniform, the equal sized cell structure is optimal. However, equal cell 
size comes at some cost in hardware. At a certain altitude from the ground, where a 
payload carrying platform locates, a same-sized ground projection cells require 
smaller angular beams as the scan angle increases. To form smaller beams, more 
antenna array elements or separated additional apertures will be needed. As a result, 

15 the payload may weigh more and consume more power. For a platform capable of 
carrying limited payload. forming smaller beams at the edge of the coverage may be 
costly and not practical. 

To avoid the need for a mechanical tracking system on the antennas, which 
can he costly and unreliable, an array antenna with about 100 to 200 radiating 

K) elements is selected as the primary aperture on the platform. The radiators. and the 
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amplifiers are on board but the beam steering mechanism is implemented on ground 
via a digital beam forming network. However, in accordance with the present 
teachings, the beams ai-e Fonned without regard to a fixed uniform pattern by the digital 
beam forming network 38 on the ground hub. The system 10 is designed to cover a 
5 service area with as many users as possible. If the cell size is uniform on the ground, 
then the required number of elements in the phased array antenna would be so high 
that a light-weight payload would not be possible. On the other hand, some elements 
are not being utilized to form wider beams at the center of the coverage (or nadir of 
the platform), the re.source (frequency or code) reuse distance would be longer. This 

10 would result in fewer users on the system and lower total system capacity. 

Consequently, the system 10 of the present invention is designed with a 
dynamic cell structure utilizing all the resources available on a light-weight payload to 
form beams as small as possible and reuse the frequency or CDMA code as often as 
, possible to enhance the total system capacity. That is, the system 10 allows the cell 

15 sizes to be non-uniform. At center of coverage, or nadir, the cell will be smaller. As 
the scan angle increases, so does the cell size. In addition, the cell shape is not 
restricted to be perfectly circular. The cell shape may be elongated as the scan angle 
increases. This is depicted in Fig. 4 below. 

Fig. 4 is a diagram which shows how nonuniform cells are created with a 

20 fixed platform antenna aperture. The scenario illustrated in this figure assumes a 
nomihaiiy circular antenna array situated at *A' and oriented normal to the local 
vertical. The antenna is at an altitude *h' above the ground point '0\ which is at the 
center of the coverage area. Now consider the beam fonned by this antenna having 
maximum directivity in the direction of a user located at point 'C, Assuming that 

25 differential spreading of the antenna gain across the beam width can be neglected, the 
contour of constant antenna gain on the ground plane, denoted 'BDEF* in the figure, 
will be elliptical in form. Furthermore, the long-side spreading (ZCAD and ZCAB) 
will be equaL as will the short-side spreading angles ( ZC AE and ZCAF). The 
distances CB. CD. CE, and CF can be easily calculated as 
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Assuming the antenna aperture is constant, the spreading angles are then a 
function of the distance between a user and the projected platform location on the 

r 

ground (OC). The larger the distance OC is, the larger the spreading angles are, as 
shown in Fig 5. 

Fig. 5 is a set of graphs showing spreading angle as a function of distance 
from the projected platform location to a user of an elevated beam projection system. 
Note that the short-side spreading angle may be different from the long-side spreading 
angle. 

In practice, optimal utilization of system resources calls for multiple (e.g. 200) 
beams to be generated. As mentioned above, in the preferred embodiment, each beam 
would track a user if a user were present. To maximize system capacity, the 
frequencies are reused by assigning codes to each beam. 

In the illustrative implementation, a group of 64 codes is divided into 4 
subgroups. Each subgroup of codes is referred to as one color of codes and has 16 
individual codes. In the illustrative embodiment, there, are four colors of codes. The 
assignment of one color of codes is independent of the other colors of codes. The 
same color of codes can be reused outside a criterion. In the illustrative embodiment, 
a 20 decibel (dB) sidelobe contour criterion is employed. Every user will have a 
surrounding exclusion region bounded by the -20dB countour. In accordance with 
this criterion, a beam collision will be detected when the user moves into the 
exclusion zone of another user and receives an interference signal from the second 
user therein at a level of 20 dB down from maximum or higher. The 20 dB sidelobe 
contours can be of different sizes and shapes throughout a coverage area. 
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Fig. 6 is a block diagram of an illustrative implementation of a code 
assignment algorithm as a pan of resource management for use in connection with the 
communication system depicted in Fig, 1 . Fig* 7 is a diagram that illustrates color 
code assignments based on the number of users in accordance with the method of the 
5 present invention. The method 100 includes the step of assigning codes with as many 
colors as possible (110). Next, the code colors are sorted with the number of users in 
descending order (step 120). Hence, as shown in Fig. 7. purple 122 might be used for 
5 users, orange 124 might be used for 10 users, pink 126 might be used for 25 users 
and blue 128 might be used for 30 users. 
10 Returning to Fig. 6, at step 130, if a new user enters a cell, the system checks 

to determine if the new user can be assigned to the first code color using the 20 dB 
sidelobe contour criterion. If not. at step 140. the system 10 tries the next color. At 
. step 150, the system endeavors to find a code in the code color and at step 160, the 
.code is assigned to the user. A 
15 Illustrative code assignments are shown in Figs. 8-13. 

Fig, 8 shows a color 1 code assignment (blue) in accordance with the 
teachings of the present invention. 

Fig. 9 shows a color 2 code assignment (pink) in accordance with the 
teachings of the present invention. 
20 Fig. 10 shows a color 3 code assignment (orange) in accordance with the 

teachings of the present invention. 

Fig. 1 1 shows a color 4 code assignment (purple) in accordance with the 
teachings of the present invention. 

Fig. 12 depicts an overall code assignment. As shown in Fig. 8, each cell 70 is 
25 created by a beam directed to a respective user 50. Note that although the beams 
overlap, no two beams overlap a user. This is depicted in Fig. 13. 

Fig, 13 is a diagram illustrating a distribution of users sharing a code division 
multiplexed (CDMA) code in accordance with the teachings of the present invention. 
At anytime, a user would not be located inside the contour of another user using the 
30 same code. In the Fig. 13, the stars are the users. The oval shaped contours are the 
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isolation forbidden zone. That is, any other user using the same code cannot locate 
inside the forbiden zone. As in the figure, for each oval contour, there is only one user 
locate in the center of the contour. Fig. 13 shows the code sharing to one of the 
CDMA codes. For each different code, a similar figure can be drawn. 
5 Thus, the present invention has been described herein with reference to a 

particular embodiment for a particular application. The present teachings allow for a 
/ very light weight payload with full utilization of the resources that a light-weight 
payload can offer. Those having ordinary skill in the art and access to the present 
teachings will recognize additional modifications, applications and embodiments within 
10 the scope thereof. 

It is therefore intended by the appended claims to cover any and all such 
applications, modifications and embodiments within the scope of the present invention. 
Accordingly, 



15 



WHAT IS CLAIMED IS: 
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CLAIiMS 

1 . A communication system comprising: 

a first transceiver located on a first platform at a predetermined altitude; 
a first antenna located on said first platform and connected to said first 
transceiver: 

5 a second transceiver located on a second platform physically independent of said 

first platform: 

a second antenna located on said second platform, said second antenna being 
adapted to communicate with said first antenna and being connected to said second 
transciever: and 

10 beamfomiing means connected said second transceiver and mounted on said 

second platform for providing a beamforming signal from said second transceiver to 
said first transceiver effective to drive said, first antenna to radiate fu^t and second 
beams to a surface, whereby said first and said second beams create dissimilar footprints 
thereon. 

2. The invention of Claim I wherein said first platform is mobile. 

3. ' The invention of Claim 2 wherein said first platform is maintained in a 
predetermined orbit. 

4. The invention of Claim 3 wherein said orbit is in a stratosphere. 

3. The invention of Claim 1 further including a third antenna, said third antenna 
being mounted on said first platform. 

(S. The invention of Claim 5 wherein said third antenna is adapted to receive said 
beamlbrniing signal from said second antenna. 
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7. The invention of Claim 1 wherein said surface is the surface of the earth. 

8. The invention of Claim 7 wherein said second platform is located on the 

earth, 

9. The invention of Claim I wherein said beamfonning means includes means 
for generating plural beams on said surface, each beam providing a respective footprint. 

10. The invention of Claim 9 wherein each footprint is a cell. 

11. The invention of Claim 10 wherein each beam is directed to a respective 
user located at a center of each cell. 

12. The invention of Claim 1 1 further including means for assigning a code to 
each beam. 

13. The invention of Claim 12 further including means for scanning at least one 
of said beams to follow a movement of said user. 

14. The invention of Claim 13 further including means fpr preventing a user 
from receiving more than one beam with a given code. 

15. The invention of Claim 14 further including means for anticipating a 
condition by which a user will move to a location at which the user will receive more 
than one beam with a given code and assigning a second code to at least one beam prior 
to the arrival of said user at said position. 

16. A communication system comprising: 

a first transceiver located on a first platfomi. said first platfonn being maintained 
in a su'atospheric orbit: 
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a first antenna located on said first platfonn and connected to said first 
5 transceiver: 

a second antenna located on said first piatform and connected to said 
transceiver, 

a second transceiver located on the earth; 

a third antenna being connected to said second transciever, said third antenna 
10 being adapted to communicate with said second antenna: 

beamforming means connected said second transceiver for providing a 
beamforming signal from said second transceiver to said first transceiver effective to 
drive said first antenna to radiate plural beanos to the surface of the earth, each beam 
providing a respective footprint, at least two of said beams creating dissimilar footprints 
1 5 thereon, each footprint providing a cell, and each beam being directed to a respective 
user located at a center of each cell, said beamforming means further including means 
' for scaxming at least one of said beams to follow a movement of said user; 
means for assigning a code to each beam; and 

means for preventing a user from receiving more than one beam with a given 

20 code. 

17. The invention of Claim 16 wherein said means for preventing further 
including means for anticipating a condition by which a user will move to a location at 
which the user will receive more than one beam with a given code and assigning a 
second code to at least one beam prior to the arrival of said user at said position. 

18. A method for communicating including the steps of: 

providing a first transceiver on a first platform at a predetermined altitude: 
connecting a first antenna to said first transceiver: 

providing a second transceiver on a second platform physically independent of 
5 said first platform: 

connecting a second antenna to said second transcieven said second antenna 
being adapted lo conimunicaie with said first antenna: and 
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providing a beamforming signal from said second transceiver to said first 
transceiver effective to drive said first antenna to radiate fin;t and second beams to a 
surface, whereby said first and said second beams create dissimilar footprints thereon. 
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